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I n t r o d u c t i o n  

A major  o b s t a c l e  t o  t h e  advancement  o f  c o a l  c o n v e r s i o n  t e c h n o l o g y  
has  been t h e  l a c k  o f  e f f e c t i v e  means f o r  a n a l y z i n g  t h e  h i g h l y  complex 
m i x t u r e s  o c c u r r i n g  i n  c o a l  c o n v e r s i o n  p r o c e s s e s .  High p r e s s u r e  l i q u i d  
ch romatography  ( H P L C )  i s  a r e c e n t l y  d e v e l o p e d  a n a l y t i c a l  t o o l  t h a t  
t y p i c a l l y  p r o v i d e s  r a p i d ,  r e p r o d u c i b l e  a n a l y s i s  o f  complex s y s t e m s  
( 1 , 2 ) .  Using H P L C ,  p r e p a r a t o r y  e x p e r i m e n t s  can  be pe r fo rmed  t o  s e p -  
a r a t e  50-100 mg s a m p l e s  o f  r e l a t i v e l y  p u r e  compounds from a complex 
m i x t u r e  - a l l o w i n g  s u b s e q u e n t  p o s i t i v e  i d e n t i f i c a t i o n  o f  t h e  compounds 
by o t h e r  means such  a s  i n f r a r e d  o r  u l t r a v i o l e t  s p e c t r o s c o p y ,  and m e l t -  
i n g  p o i n t .  T h i s  a s s e t  o f  H P L C  ( i e . ,  p r e p a r a t o r y  s c a l e  ch romatography)  
i s  one  o f  t h e  main a d v a n t a g e s  t h a t  i t  o f f e r s  o v e r  comparab le  a n a l y t i -  
c a l  methods .  Because  H P L C  does  o f f e r  p o s i t i v e  i d e n t i f i c a t i o n  o f  i n d i -  
v i d u a l  s p e c i e s ,  i t  i s  a v e r y  e f f e c t i v e  t o o l  f o r  c h a r a c t e r i z i n g  and 
q u a n t i f y i n g  p r o c e s s  s t r e a m s  i n  c o a l  l i q u e f a c t i o n  p r o c e s s e s ,  and p ro -  
v i d e s  a means f o r  d e v e l o p i n g  a more fundamen ta l  u n d e r s t a n d i n g  o f  such  
p r o c e s s e s .  

The p r e s e n t  work d e m o n s t r a t e s  t h e  f e a s i b i l i t y  o f  employ ing  H P L C  
t o  c h a r a c t e r i z e  c r e o s o t e  o i l ,  a c o a l - d e r i v e d  l i q u i d  used  a s  a s t a r t  
u p  s o l v e n t  i n  coa l  l i q u e f a c t i o n  p r o c e s s e s  such  a s  t h e  S o l v e n t  R e f i n e d  
Coal (SRC) p r o c e s s .  C h a r a c t e r i z a t i o n  o f  t h e  c r e o s o t e  o i l  i s  done by 
H P L C  d u r i n g  hydrogenationlhydrodesulfurization o f  t h e  o i l ;  and i s  t h e n  
used  t o  f o l l o w  t h e  c a t a l y t i c  e f f e c t s  of  a commerc ia l  Co-Mo-A1 c a t a l y s t ;  
a c o a l  m i n e r a l ,  i r o n  p y r i t e ;  c o a l  a s h ;  and a c t u a l  S R C  m i n e r a l  r e s i d u e  
f rom t h e  W i l s o n v i l l e  p i l o t  p l a n t .  Each of t h e s e  a g e n t s  has  a s i g n i -  
f i c a n t  e f f e c t  on t h e  h y d r o g e n a t i o n  a n d ,  e x c e p t  f o r  p y r i t e ,  on t he  
h y d r o d e s u l f u r i z a t i o n  o f  c r e o s o t e  o i l  unde r  c o n d i t i o n s  s i m i l a r  t o  t h o s e  
i n  t h e  SRC p r o c e s s .  E v i d e n c e  t h a t  c o a l  m i n e r a l s  have a C a t a l y t i c  
e f f e c t  on h y d r o g e n a t i o n  of c o a l  has  been  r e p o r t e d  ( 3 , 4 ) .  However, 
s p e c i f i c a l l y  which compounds i n  r e c y c l e  o r  p r o c e s s  s o l v e n t  a r e  m o s t  
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a f f e c t e d  b y  h y d r o g e n a t i o n  i n  t h e  p r e s e n c e  o f  coa.1 m i n e r a l s  h a s  n o t  
b e e n  p r e v i o u s l y  s t u d i e d .  A l s o  t h e  e f f e c t  o f  c o a l  m i n e r a l  c a t a l y -  
s i s  on  r a t e  o f  r e m o v a l  o f  v a r i o u s  h e t e r o a t o m  compounds - p a r t i c u l a r l y  
s u l f u r  b e a r i n g  compounds s u c h  as d i b e n z o t h i o p h e n e  - ' h a s  n o t  b e e n  
s t u d i e d .  HPLC p r o v i d e s  a t o o l  f o r  m o n i t o r i n g  c h a n g e s  i n  m a j o r  c o n -  
s t i t u e n t s  o f  c o a l - d e r i v e d  l i q u i d s  d u r i n g  hydrogenationlhydrodesul- 
f u r i z a t i o n ,  a n d  c a n  b e  u s e d  t o  s t u d y  t h e  s e l e c t i v i t y  o f  c a t a l y t i c  
a g e n t s  f o r  a c c e l e r a t i n g  r e a c t i o n s  i n v o l v i n g  s p e c i f i c  s p e c i e s  o f  c o a l -  
d e r i v e d  l i q u i d s  - as i s  d e m o n s t r a t e d  h e r e .  

E x p e r i m e n t a l  

A a r a t u s  A M o d e l  ALC/GPC-201 h i g h  s p e e d  l i q u i d  c h r o m a t o g r a p h  F-----T* W a t e r s  s s o c i a t e s ,  . M i l f o r d ,  Mass . )  was u s e d  t h r o u g h o u t  t h i s  s t u d y .  
The f o l l o w i n g  a c c e s s o r y  h a r d w a r e  was u s e d :  a M o d e l  6 0 0 0  s o l v e n t  d e -  
l i v e r y  s y s t e m ,  a M o d e l  660  s o l v e n t  p r o g r a m m e r ,  a n d  a M o d e l  U 6 K  i n -  
j e c t i o n  s y s t e m .  I n  a d d i t i o n ,  a M o d e l  GM77 U V / V I S  d e t e c t o r  ( S c h o e f f e l  
I n s t r u m e n t  C o r p o r a t i o n ,  Westwood,  N.J.) was u s e d ;  t h i s  d e t e c t o r  was 
c h o s e n  b e c a u s e  i t  h a s  a c o n t i n u o u s l y  v a r i a b l e  U V  s o u r c e .  A f t e r  
t h o r o u g h  e x p l o r a t o r y  s t u d i e s ,  a w a v e l e n g t h  s e t t i n g  f o r  t h e  d e t e c t o r  
O f  232 nm was f o u n d  t o  p r o v i d e  t h e  b e s t  o v e r a l l  s e n s i t i v i t y  a n d  s t a -  
b i l i t y  f o r  d e t e c t i o n ;  t h i s  s e t t i n g  was u s e d  t h r o u g h o u t  t h e  s t u d y .  

R e a g e n t s .  The a c e t o n i t r i l e  u s e d  i n  t h i s  s t u d y  was o f  s p e c t r o q u a l i t y .  
The c r e o s o t e  o i l  was o b t a i n e d  f r o m  S o u t h e r n  S e r v i c e s ,  I n c . ,  a t  t h e  
S R C  p i l o t  p l a n t  l o c a t e d  a t  W i l s o n v i l l e ,  A labama.  S o u t h e r n  S e r v i c e s ,  
I n c . ,  o b t a i n e d  t h e  o i l ,  c r e o s o t e  o i l  24-CB,  f r o m  t h e  A l l i e d  C h e m i c a l  
Company. The o i l  h a s  a b o i l i n g  p o i n t  r a n g e  o f  175O t o  4OO0C a n d  a 
s p e c i f i c  g r a v i t y  o f  1 . 0 9 6  a t  2OoC. H y d r o g e n  was o b t a i n e d  f r o m  L i n d e  
H y d r o g e n  i n  6000 p s i  g r a d e ,  w i t h  a p u r i t y  o f  9 9 . 9 9 5 % .  

A c o m m e r c i a l  Co-Mo-A1 c a t a l y s t  (Comox-451)  was o b t a i n e d  f r o m  W .  R. 
G r a c e  and Company, D a v i d s o n  C h e m i c a l  D i v i s i o n ,  B a l t i m o r e ,  M a r y l a n d .  
T h i s  c a t a l y s t  i s  c o m m e r c i a l l y  p r o d u c e d  b y  L a p o r t e  I n d u s t r i e s  o f  E n g -  
l a n d .  O u r  a n a l y s i s  o f  t h e  c a t a l y s t  showed t h a t  i t  c o n s i s t s  o f  3 . 7 %  C O O  
a n d  12 .8% MoO3, a n d  t h e  c a t a l y s t  was s p e c i f i e d  b y  t h e  m a n u f a c t u r e r  t o  
h a v e  a s u r f a c e  a r e a  o f  300  m2/g a n d  a t o t a l  p o r e  v o l u m e  o f  0 . 6 6  m l / g .  
The  p y r i t e  u s e d  i n  t h e s e  e x p e r i m e n t s  was o b t a i n e d  f r o m  M a t h e s o n  Coleman 
a n d  B e l l  C h e m i c a l  Company, N o r w o o d ,  O h i o .  Our  a n a l y s i s  o f  t h e  p y r i t e  
showed  t h a t  i t  was 9 0 - 9 5 %  p u r e ,  t h e  d i f f e r e n c e  b e i n g  p r i m a r i l y  s i l i c a .  
C o a l  a s h  was o b t a i n e d  b y  b u r n i n g  a m i x t u r e  o f  K e n t u c k y  No. 9 / 1 4  c o a l  
m i x t u r e  ( 7 . 2 %  a s h )  i n  a m u f f l e  f u r n a c e  a t  1OOOoC. A n a l y s i s  o f  t h e  
a s h  gave  an  i r o n  c o n t e n t  o f  1 3 . 7 % .  S R C  s o l i d s  w e r e  o b t a i n e d  f r o m  t h e  
f i l t e r  c a k e  f r o m  t h e  W i l s o n v i l l e ,  A labama S R C  P i l o t  P l a n t .  A n a l y s i s  
o f  t h e  m a t e r i a l  g a v e  an  a s h  c o n t e n t  o f  5 5 . 2 %  a n d  a s u l f u r  c o n t e n t  O f  
1 3 . 6 %  The r e p o r t e d  a n a l y s i s  o f  t h i s  m a t e r i a l  showed t h a t  i t  was 3 0 %  
f i l t e r  a i d  ( d i a t o m a c e o u s  e a r t h )  ( 5 ) .  A l l  m a t e r i a l s  w e r e  g r o u n d  a n d  
s c r e e n e d ;  a n d  o n l y  - 3 2 5  mesh ( 4 5  m i c r o n )  s i z e  m a t e r i a l  was u s e d .  

H i q h  P r e s s u r e  L i  u i d  C h r o m a t o  r a  h . Two 4mm ( I D )  X 30 cm m i c r o b o n -  
d a p a k / C 1 8  c o 1 u m n h G s  Ass:c i ! t is ,  M i l f o r d ,  M a s s . )  w e r e  u s e d  i n  
s e r i e s  f o r  s e p a r a t i o n  o f  t h e  c r e o s o t e  o i l  c o m p o n e n t s .  The m o b i l e -  
p h a s e  was a 4 5 : 5 5  v o l u m e - t o - v o l u m e  a c e t o n i t r i l e - w a t e r  m i x t u r e .  T h e  
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f low r a t e  was n o n l i n e a r l y  ( c u r v e  8 on t h e  660 s o l v e n t  programmer)  
programmed t o  i n c r e a s e  from 0 .6  t o  0 . 8  ml/min i n  1 . 5  hours i n  s u c h  
a way t h a t  t h e  m a j o r  p o r t i o n  o f  t h e  i n c r e a s e  t a k e s  p l a c e  i n  t h e  l a s t  
45 m i n u t e s  o f  t h e  p rogram.  T h i s  a l l o w s  f o r  t h e  most e f f i c i e n t  u s e  o f  
t h e  t i m e  n e c e s s a r y  f o r  e l u t i o n  by m i n i m i z i n g  d e a d - t i m e  and a x i a l  
d i f f u s i o n  - w h i l e  k e e p i n g  r e s o l u t i o n  a t  a miximum d u r i n g  t h e  i n i t i a l  
p o r t i o n  of t h e  s e p a r a t i o n .  Sys tem p r e s s u r e  was k e p t  below a m a x i m u m  
o f  2200 p s i .  

The sample  was d i s s o l v e d  i n  p u r e  a c e t o n i t r i l e  (4mg/ml) p r i o r  t o  
i n j e c t i o n ,  and n o r m a l l y  a b o u t  10 p1 o f  t h e  r e s u l t i n g  s o l u t i o n  was i n -  
j e c t e d  f o r  a n a l y s i s .  R e t e n t i o n  t i m e s  r anged  f rom a s  s h o r t  a s  a few 
m i n u t e s  f o r  t h e  more p o l a r  compounds t o  a s  much a s  s e v e r a l  h o u r s  f o r  
t h e  more n o n p o l a r  compounds ,  which a r e  t y p i c a l l y  t h e  h i g h e r  m o l e c u l a r  
w e i g h t  c o n s t i t u e n t s .  

P r o c e d u r e .  C r e o s o t e  o i l  w a s  t r e a t e d  f o r  t w o  hour s  a t  425OC u n d e r  a n  
i n i t i a l  p r e s s u r e  o f  3000 p s i g  o f  hydrogen ,  i n  t h e  p r e s e n c e  o f  13% by 
w e i g h t  of e i t h e r  Co-Mo-A1 c a t a l y s t ,  i r o n  p y r i t e ,  c o a l  a s h ,  o r  S R C  
s o l i d s .  T r e a t m e n t  was a l s o  made w i t h o u t  any c a t a l y t i c  a g e n t s  p r e s e n t .  
The r e a c t i o n  m i x t u r e s  were  s t i r r e d  c o n t i n u o u s l y  a t  2000 rpm i n  a b a t c h  
a u t o c l a v e  ( A u t o c l a v e  E n g i n e e r s ,  E r i e ,  P A . ) .  A f t e r  two hour s  of r e a c -  
t i o n ,  s a m p l e s  o f  t h e  p a r t i a l l y  h y d r o g e n a t e d  and h y d r o d e s u l f u r i z e d  o i l  
were  t a k e n .  Then ,  a l i q u o t  amounts  o f  these  s a m p l e s  were d i s s o l v e d  i n  
a c e t o n i t r i l e  ( 4 m g / m l ) ,  f i l t e r e d  t h r o u g h  0 . 5 ~  f i l t e r s  ( M i l l i p o r e  I n t e r -  
t e c h ,  I n c . ,  B r a d f o r d ,  M A . )  t o  remove any  s o l i d s ;  and a f t e r  f i l t r a t i o n ,  
10111 p o r t i o n s  o f  t h e  f i l t r a t e  were  a n a l y z e d  by H P L C .  To  e l i m i n a t e  
u n a v i o d a b l e  v a r i a t i o n s  due t o  d i f f e r e n c e s  i n  t h e  amount o f  s a m p l e  
i n j e c t e d ,  b e n z o f u r a n  was used  a s  an i n t e r n a l  s t a n d a r d .  

Computer O e c o n v o l u t i o n .  A s  i s  s e e n  i n  F i g u r e  1 t h e  chromatograms 
o b t a i n e d  i n  t h i s  work gave  peaks  t h a t  se ldom had b a s e - l i n e  r e s o l u t i o n  
- a common problem i n  ch romatography  - a n d ,  t o  be  a c c u r a t e ,  i t  was 
n e c e s s a r y  t o  d e c o n v o l u t e  t h e  ch romatograms .  T o  t h i s  e n d ,  a s p e c i a l -  
i z e d  computer  program was d e v e l o p e d  ( 6 )  based  o n  t h e  method o f  Mar- 
q u a r d t  ( 7 ) .  

R e s u l t s  a n d  D i s c u s s i o n .  

Typ ica l  ch romatograms  o f  t h e  p r o d u c t  f rom t h e  v a r i o u s  t r e a t m e n t s  
o f  t h e  c r e o s o t e  o i l  a r e  shown i n  F i g u r e  1.  Good s e p a r a t i o n  o f  t h e  
mul t i componen t  s y s t e m  was o b t a i n e d  by v a r y i n g  t h e  a c e t o n i t r i l e / w a t e r  
r a t i o  i n  t h e  e l u t i n g  s o l v e n t :  t h e  bes t  r e s o l u t i o n  r e s u l t e d  w i t h  a 
45 :55  volume- to-volume a c e t o n i t r i l e - w a t e r  m i x t u r e .  P r e p a r a t o r y  s c a l e  
co lumns  were used t o  o b t a i n  s u f f i c i e n t  amounts  o f  t w e l v e  
s t i t u e n t s  t o  p e r m i t  t h e i r  p o s i t i v e  i d e n t i f i c a t i o n  by i n f  
t r o s c o p y .  These  m a j o r  c o n s t i t u e n t s ,  which compose 50 .3% 
t h e  o r i g i n a l  c r e o s o t e  o i l ,  were  o f  i n t e r e s t  i n  t h i s  p r e l  
( T a b l e  1 ) .  

a r o m a t i c s  'and h e t e r o a t o m  compounds.  Compounds of t h e  f i  
The components  f a l l  i n t o  b a s i c a l l y  two c a t e g o r i e s :  

m a j o r  con-  
a r e d  s p e c -  
by w e i g h t  o f  
minary  w o r k  

p o l y n u c l e a r  
s t  t y p e  - 
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n a m e l y ,  n a p h t h a l e n e ,  a c e n a p h t h e n e ,  p h e n a n t h r e n e ,  a n d  a n t h r a c e n e  - 
a r e  a n g u l a r  p o l y c y c l i c  a r o m a t i c s .  T h e s e  compounds ,  a n d  compounds  
l i k e  them,  a r e  c o n s i d e r e d  t o  p l a y  a n  i m p o r t a n t  r o l e  i n  h y d r o g e n  t r a n s -  
f e r  r e a c t i o n s  o c c u r r i n g d u r i n g  c o a l  l i q u e f a c t i o n ,  e . g .  a s  i n  t h e  S R C  
P r o c e s s  ( 8 , 9 , 1 0 ) .  Compounds o f  t h e  s e c o n d  t y p e  - n a m e l y ,  d i b e n z o t h i o -  
p h e n e .  c a r b a z o l e  a n d  n a p h t h o n i t r i l e  - a r e  o f  i n t e r e s t  b e c a u s e  t h e s e  
c o n s t i t u e n t s ,  d u r i n g  c o m b u s t i o n  o f  c o a l ,  f o r m  p o l l u t a n t s ,  S O 2  a n d  
N O x .  D e t e r m i n a t i o n  o f  t h e  d e g r e e  t o  w h i c h  t h e s e  c o n s t i t u e n t s  a r e  
r e m o v e d  w i t h  p r o c e s s i n g  i s  t h e r e f o r e  m o s t  i m p o r t a n t  f o r  p r o c e s s  a n -  
a l  y s  i s . 

The r e s u l t s  f r o m  t h i s  w o r k  a n d  t h o s e  f r o m  p r e v i o u s  a n a l y s i s  
u s i n g  gas  c h r o m a t o g r a p h y  a r e  c o m p a r e d  i n  T a b l e  2 .  I n  e v a l u a t i n g  t h i s  
c o m p a r i s o n ,  i t  s h o u l d  be  n o t e d  t h a t  t h e  c r e o s o t e  o i l  i s  somewha t  u n -  
s t a b l e :  a f t e r  s t a n d i n g  f o r  l o n g  p e r i o d s  o f  t i m e  ( s e v e r a l  m o n t h s )  some 
c o n s t i t u e n t s  do i n d e e d  p r e c i p i t a t e  f r o m  s o l u t i o n .  F o r  t h i s  r e a s o n  
some d i s c r e p a n c i e s  e x i s t  b e t w e e n  o u r  g a s  c h r o m a t o g r a p h i c  a n a l y s i s ,  
t h a t  p e r f o r m e d  b y  A l l i e d  C h e m i c a l  Company, a n d  t h a t  p e r f o r m e d  b y  
S o u t h e r n  S e r v i c e s .  

T a b l e  1 l i s t s  t h e  a n a l y s i s  o f  t h e  c r e o s o t e  o i l  a f t e r  t h e  v a r i o u s  
t r e a t m e n t s .  O b v i o u s l y ,  h y d r o g e n a t i o n  a n d  h y d r o d e s u l f u r i z a t i o n  o f  t h e  
c r e o s o t e  o i l  a t  425OC i n  t h e  p r e s e n c e  o f  an  i n i t i a l  h y d r o g e n  p a r t i a l  
p r e s s u r e  o f  3000  p s i g  c a u s e s  a s i g n i f i c a n t  d e c r e a s e  ( 2 0 % )  i n  p e r c e n t  
b y  w e i g h t  o f  t h e  a n a l y z e d  c o m p o n e n t s .  C u r r e n t l y ,  p r e p a r a t o r y  s c a l e  
w o r k  i s  i n  p r o g r e s s  t o  d e t e r m i n e  w h a t  compounds a r e  p r o d u c e d  by t h i s  
t r e a t m e n t .  I n  t h e  p r e s e n c e  o f  t h e  v a r i o u s  c a t a l y t i c  a g e n t s ,  e v e n  m o r e  
r e d u c t i o n  ( 3 4 % ,  when p y r i t e  i s  p r e s e n t ,  t o  4 9 % ,  when a c t u a l  S R C  m i n -  
e r a l  r e s i d u e  i s  p r e s e n t ,  a s  c o m p a r e d  t o  20%,  when n o  c a t a l y s t  i s  
p r e s e n t )  i n  t h e  w e i g h t  p e r c e n t  o f  t h e  a n a l y z e d  c o m p o n e n t s  r e s u l t s  
d u r i n g  h y d r o g e n a t i o n  o f  t h e  o i l .  A p p a r e n t l y  t h e n ,  t h e s e  a g e n t s  ( C o -  
Mo-A1,  p y r i t e ,  c o a l  a s h ,  a n d  S R C  m i n e r a l  r e s i d u e )  d o  i n d e e d  c a t a l y z e  
h y d r o g e n a t i o n  o f  t h e  o i l ,  a n d  t h e  i n c r e a s e  i n  h y d r o g e n  c o n s u m p t i o n  
o b s e r v e d  when t h e y  a r e  p r e s e n t  i s ,  i n  f a c t ,  due t o  g r e a t e r  h y d r o g e n -  
a t i o n  o f  t h e  o i l ,  r a t h e r  t h a n  r e d u c t i o n  o f  t h e  a g e n t , i t s e l f ,  w i t h  
h y d r o g e n  t o  p r o d u c e  a r e d u c e d  f o r m  o f  t h e  a g e n t ,  w a t e r ,  h y d r o g e n  
s u l f i d e ,  e t c .  

d i f f e r e n c e s  i n  t h e  f i n a l  c o n c e n t r a t i o n  o f  m a j o r  c o n s t i t u e n t s  o f  t h e  
o i l  when h y d r o g e n a t e d  i n  t h e  p r e s e n c e  o f  t h e  d i f f e r e n t  c a t a l y t i c  
a g e n t s .  F o r  e x a m p l e :  A s s u m i n g  t h a t  t h e  d i s a p p e a r a n c e  o f  t h e  m a j o r  
c o n s t i t u e n t s  i s  due  t o  h y d r o g e n a t i o n ,  t h e n  C o - M o - A l ,  c o a l  a s h ,  a n d  
S R C  m i n e r a l  r e s i d u e  show a d e c i s i v e  p r e f e r e n c e  f o r  a c c e l e r a t i n g  
h y d r o g e n a t i o n  o f  n a p h t h a l e n e ,  1 - m e t h y l n a p h t h a l e n e ,  a n d  2 - m e t h y l n a p h -  
t h a l e n e ;  w h e r e a s  p y r i t e  f a v o r s  h y d r o g e n a t i o n  o f  a c e n a p h t h e n e  and ,  
t o  a l e s s e r  e x t e n t ,  a n t h r a c e n e .  A l s o ,  i n  t h e  p r e s e n c e  o f  c o m m e r c i a l  
Co-No-A1 c a t a l y s t ,  t h e  c o n c e n t r a t i o n  o f  d i b e n z o t h i o p h e n e ,  a m a j o r  
o r g a n i c  s u l f u r  c o m p o n e n t ,  i s  r e d u c e d  t o  a much g r e a t e r  e x t e n t  t h a n  
when t h e  o t h e r  c a t a l y s t s  w e r e  p r e s e n t .  I n  f a c t ,  t h e  c o n c e n t r a t i o n  
o f  d i b e n z o t h i o p h e n e  was r e d u c e d  e s s e n t i a l l y  t o  z e r o  when Co-Mo-A1 
was p r e s e n t .  S i n c e  Co-Mo-A1 i s  an e x c e l l e n t  c a t a l y s t  f o r  h y d r o d e -  
s u l f u r i z a t i o n  r e a c t i o n s ,  t h e s e  r e s u l t s  a r e  n o t  s u r p r i s i n g .  M o s t  
i n t e r e s t i n g l y ,  h o w e v e r ,  t h e  t r e n d  i n  d i b e n z o t h i o p h e n e  r e m o v a l  i s  

As shown i n  T a b l e  1, HPLC o f f e r s  s u f f i c i e n t  s p e c i f i c i t y  t o  d e t e c t  
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e x a c t l y  t h e  same a s  t h a t  found  by a n a l y s i s  o f  t o t a  
namely ,  Co-Mo-A1 > >  c o a l  a s h  > SRC m i n e r a l  r e s i d u e  
o n l y .  C a r b a z o l e ,  on t h e  o t h e r  hand ,  has  e s s e n t i a l  
c e n t r a t i o n  a s  t h a t  i n  t h e  o r i g i n a l  o i l ,  d e s p i t e  t h  
whereas  t h e  n a p h t h o n i  t r i  l e s  a r e  c o m p l e t e l y  removed 
Mo-A1. coa l  a s h ,  o r  S R C  m i n e r a l  r e s i d u e  i s  p r e s e n t  

s u l f u r  ( 4 ) :  
> p y r i t e  > H 2  
y t h e  same con-  

c a t a l y s t  u s e d ;  
when e i t h e r  Co- 

C o n s l u s i o n s  

The H P L C  p r o c e d u r e  d e s c r i b e d  h e r e  p e r m i t s  a n a l y s i s  o f  m a j o r  con-  
s t i t u e n t s  o f  c r e o s o t e  o i l  i n  a b o u t  two h o u r s .  No e x t e n s i v e  sample  
p r e p a r a t i o n  i s  r e q u i r e d ;  and  t h e  method i s  q u a n t i t a t i v e  - t h e  r e s u l t s  
compar ing  w e l l  w i t h  t h o s e  o b t a i n e d  u s i n g  g a s  ch romatography .  U s i n g  
p r e p a r a t o r y  c h r o m a t o g r a p h y ,  s amples  o f  e s s e n t i a l l y  p u r e  compounds 
can  be s e p a r a t e d  f r o m  c r e o s o t e  o i l  and p o s i t i v e l y  i d e n t i f i e d  by 
s u b s e q u e n t  a n a l y s i s .  As a r e s u l t ,  w i t h  H P L C  n e i t h e r  t e n t a t i v e  i d e n -  
t i f i c a t i o n  a s ,  for  e x a m p l e ,  by " s p i k i n g "  - i . e .  a d d i t i o n  of known com- 
pounds t o  t he  m i x t u r e  s o  a s  t o  d e t e r m i n e  t h e  peaks  i n  the ch romato -  
gram of t h e  m i x t u r e  c a u s e d  by d i f f e r e n t  c o n s t i t u e n t s  - n o r  an  expen-  
s i v e ,  s o p h i s t i c a t e d  gas-chromatograph/mass-spectrometer s y s t e m  a r e  
r e q u i r e d .  Hence H P L C  o f f e r s  a s i m p l e  and power fu l  t e c h n i q u e  f o r  
a n a l y s i s  o f  complex m i x t u r e s  l i k e  c r e o s o t e  o i l .  
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TABLE 2 

C o m p a r i s o n  o f  C r e o s o t e  O i l  A n a l y s e s  

Compound 

1 and  2 - n a p h t h o n i t r i l e  
c a r b a z o l e  
n a p h t h a l e n e  
2 - m e t h y l c a r b a z o l e  
1 - m e t h y l n a p h t h a l e n e  
2 - m e t h y l n a p h t h a l e n e  
a c e n a p h t h e n e  
f 1 u o r e n e  
d i  b e n z o t h i  o p h e n e  
p h e n a n t h r e n e  
a n t h r a c e n e  

W t  
A B 

0 . 3 2  
2 . 2  
5 . 1  9 . 0 8  
1 . 7  
0 . 3 8  3 . 5 5  ~.~~ 

1 . 3  1 0 . 2  
6 .0  9 . 7 3  

1 0 . 3  5 . 5 4  
0 . 5 2  0 . 9 4  

1 8 . 6  1 7 . 9 2 a  
4 .3  

% 
C 

0 . 6 1  
0 . 4 2  

0 . 1 1  
5 . 2 3  
8 .00  
6 . 2 8  
5 . 2 2  
1 . 0 1  

12 .45  
1 . 8 6  

8 .92  

D 

1 0 . 0  

3 . 0  
8 . 0  
5 . 0  
5 . 0  

1 7 . 0 a  

A - A l l i e d  C h e m i c a l  Company b y  g a s  c h r o m a t o g r a p h y  
B - S o u t h e r n  S e r v i c e s  b y  gas  c h r o m a t o g r a p h y  ( A S T M  0 2 8 8 7 )  
C - A u b u r n  U n i v e r s i t y  b y  HPLC 
D - A u b u r n  U n i v e r s i t y  b y  gas  c h r o m a t o g r a p h y  

a - i n c l u d e s  b o t h  p h e n a n t h r e n e  a n d  a n t h r a c e n e  



OIL+H2+ PYRITE 

n 

I I 

1 I I I 

120 90 60 3 0  

01 L+ H2 + CO-Mo-AI 

Time (min) 
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F i g u r e  1 

C h r o m a t o g r a m s  o f  c r e o s o t e  o i l  w h i c h  s h o w  t h e  e f f e c t  o f  t h e  
v a r i o u s  t r e a t m e n t s .  P o s i t i v e l y  i d e n t i f i e d  c o m p o n e n t s  i n  o r d e r  o 
e l u t i o n  a r e :  

a .  
b .  

d .  
e .  
f .  
9 .  
h .  
i. 
j. 
k. 
1 .  
m .  
n .  

C. 

i n t e r n a l  s t a n d a r d  ( b e n z o f u r a n )  
1 a n d  2 - n a p h t h o n i t r i l e  
c a r b a z o l e  
n a p h t h a l e n e  
2 - m e t h y l c a r b a z o l e  
1 - m e t h y l n a p h t h a l e n e  
2 - m e t h y l  n a p h t h a l e n e  
d i b e n z o f u r a n  
b i p h e n y l  
a c e n a p h t h e n e  
f 1 u o r e n e  
d i b e n z o t h i o p h e n e  
p h e n a n t h r e n e  
a n t h r a c e n e  
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